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Extracellular traps are web-like structures and consist of
chromatin DNA filaments, histones, and granule proteins.
These are released together with inflammatory media-
tors and pathogens after the stimulation of inflammatory
cells, for example, neutrophils, monocytes, eosinophils,
mast cells, and macrophages. Extracellular trap produc-
tion and activation are immune defense mechanisms
that contribute to the development of inflammation,
immune hyperresponsiveness, hemodynamics alterations,
endothelial barrier function, and induction of tumor
microenvironment heterogeneity. Neutrophil extracellu-
lar traps (NETs) are released by neutrophils to capture
and eliminate pathogens during DNA expulsion (NETo-
sis), a regulated form of neutrophil cell death. The pro-
duction of NETs and NETosis formations are considered
as an evolutionary process, of which disorder and dysreg-
ulation can cause a large number of diseases. Preclinical
studies demonstrated that NETs and NETosis could play
critical roles in the pathogenesis of inflammation, infec-
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tion, thrombosis, tissue injury, organ dysfunction, and can-
cer metastasis. NETs mainly contain neutrophil elastase,
myeloperoxidase, cathepsin G, proteinase 3, lactoferrin,
gelatinase, lysozyme C, calprotectin, neutrophil defensins,
and cathelicidins. The aim of this editorial is to pro-
vide an update on the latest investigations regarding the
interaction between NETs and cancer cells, the potential
of NETs and NETs-associated elements in the identifica-
tion and development of cancer-specific biomarkers and
targets, and the value of clinical translation from NETs
biology.
NETs regulate cancer cell activities and metabolisms,

while cancer-associated extracellular vesicles modulate
neutrophil behavior and NET extrusion. The complexity
of molecular mechanism by which NETs and NETosis
contribute to cancer cell biology have exceeded our expec-
tations. For example, cancer-associated inflammation
can generate intra- and extracellular environments for
neutrophil activation and can produce reactive oxygen
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species via NETs/NETosis release resulting in systemic
oxidative stress. Cancer cells can act as the primary recep-
tor, interacting directly with cytokines/chemokines from
other cells, and simultaneously as the secondary producer
of those factors to chemoattract the recruitment of inflam-
matory cells into the microenvironment. Cancer cells are
decisive factors in cancer microenvironment formation
and composition, inflammatory cell recruitment and
activation, and NETs/NETosis production. The number
of enzymes (eg, DNAse, peptidylarginine deaminase,
neutrophil elastase, and myeloperoxidase), receptors (eg,
Toll-like receptor 4, 9; receptor for advanced glycation
end products; integrins; lectins), intracellular mediators
(eg, high mobility group box 1), and hypoxia are critical
factors in the production of NETs and are responsible
for cancer cell adhesion, proliferation, migration, and
invasion.1
The production of NETs and NETosis formations seems

to be regulated by either radical-dependent or indepen-
dent pathways. Brinkmann systemically overviewed the
understanding of NETs and summarized the inducers
for NETs/NETosis (eg, bacteria or bacterial components,
fungi, protozoa, viruses, activated platelets, complement-
derived peptides, autoantibodies, IL-8, hydrogen perox-
ide, urate crystals, cigarette smoke, and ionophores).2
Histone citrullination is a characteristic of NETosis that
can be generated by peptidylarginine deaminase-catalyzed
hypercitrullination in the histones H3, H2A, and H4These
enzymes are involved in altering chromatin structure and
decondensation by binding with DNA, participating in
the oxidative reaction, relocating between cytoplasm and
the nucleus, and decorating the DNA backbone of NET
fibers. NETs production and release is orchestrated by
altered chromatin, disordered cell morphology, the rup-
tured nuclear envelope, and plasma membrane and is
driven by themajor physical force known as entropic chro-
matin swelling that is detected in real-time on the single-
cell level using fluorescence and atomic forcemicroscopy.3
Neubert et al defined the NETosis process as “a clear point
of no return” with three distinct phases, that is, cell acti-
vation and initiation of chromatin expansion with intact
lobular structures of the nucleus, maximum chromatin
expansion near the cellular membrane, rupturing of the
cell membrane, and the release of NETs into extracellular
space.3 The process of NETosis could be altered if inflam-
mation is induced by lipopolysaccharides or if there are
alterations within ion channels.
Cancer cells can interact directly and indirectly with

neutrophils to induce the production of NETs through the
production of extracellular vesicles and proinflammatory
mediators (eg, cytokines, chemokines, and tissue factors).
Such interactions provoke platelets and endothelia to
initiate the inflammatory cascade and to promote the

release of NETosis and NETs via surface antigens (eg,
P-selectin/P-selectin glycoprotein ligand 1). Intra- and
intercellular molecular communications during multicel-
lular interactions create new distant microenvironments
that act as a pre-metastatic niche to attract the recruitment
of primary cancer cells and to form multiple metastases.
It is proposed that NETs play multiple critical roles in the
promotion of cancer metastasis after surgery through the
suppression of systemic immune functions, onset of tissue
damage-induced inflammation, activation of damage-
associated molecular patterns, and hyperresponsiveness
of tumor-associated macrophages, myeloid-derived
suppressor cells, or/and regulatory T cells.4
Preclinical and clinical observations evidenced the

activation and release of NETs and NETosis in patient
samples, although the roles as primary or secondary
factors in the development of diseases remain unclear.
NETs can directly contribute to the development of brain
parenchyma pathology, different from neutrophils per se
that are restricted by the brain-blood barrier. NETs were
characterized by citrullinated histone H3 and observed
in patients with thrombosis-associated ischemic stroke,
especially higher in older thrombi. NETs appeared in the
cerebrospinal fluid of patients with pneumococcal menin-
gitis, rather than in other forms of meningitis caused by
viruses, Borrelia, and subarachnoid hemorrhage.5 This
indicates that the production of NETs may be pathogen-
specific and infection-specific as well as contribute to
the development of the disease, which was further con-
firmed by preclinical evidence that NETs appeared in the
cerebrospinal fluid of animal meningitis induced by the
clinical strain of pneumococci. NETs were found to be in
the outer layers of thrombi in patients with acute ischemic
stroke and was associated with endovascular therapy
procedure length and the number of device passes, rather
than the clinical phenomes of patients.6 NETs in the brain
can exacerbate the process of tissue injury by activating
intracellular mediators (eg, high mobility group box 1).
Multiple factors are involved in the process of cancer-

associated NETs and NETosis, and various biomarkers
have been proposed to monitor and predict the progres-
sion, response to drugs, and prognosis of cancers. For
example, elevated plasma levels of citrullinated histone
H3 were considered as a marker to show the severity
of NETs release associated with advanced cancer and
metastasis and correlated with the neutrophil activation
markers neutrophil, elastase, and myeloperoxidase as well
as with poor clinical prognosis.7 In addition, regulators
involved in the process of chromatin expansion can be
candidates for determining the initiation and maximum
of chromatin expansion the at the early stage of NETs pro-
duction (Figure 1), for example, DNA damage-associated
poly(ADP-ribose) polymerase 1 (PARP1), chromatin
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F IGURE 1 The process of NETosis formation and NETs release and the potential of NETs-associated biomarkers and targets. The time of
NETs release was reported3, while the time during which NETs-associated factors interact with other cells remains unclear (A). The process is
divided into different phases (B), during which the cell is activated to initiate the process of chromatin expansion with intact lobular structures
of the nucleus, maximum of chromatin expansion near the cellular membrane till the full round size, and rupture of the cell membrane and the
release of NETs into the extracellular space (C). The number of NETs-associated inducers, regulators, and enzymes contribute to the different
phases (D) and may be translated into diagnostic biomarkers and therapeutic targets (E)

remodeler CHD2, citrullinated histone H3 isoforms, poly-
comb repressive complexes, nuclear F-actin, zinc finger
protein CCCTC-binding factor, histone methyltransferase
NSD2, cyclin-dependent kinases, and DNase 1-like protein
3. At the final stage of NETosis, neutrophil elastase,
myeloperoxidase, cathepsin G, proteinase 3, lactoferrin,
gelatinase, lysozyme C, calprotectin, neutrophil defensins,
and cathelicidins are released with NETs resulting in alter-
ationswithin the local and distantmicroenvironments and
the formation of metastatic niches. NETs are also consid-
ered as a predictive biomarker for multi-cancers. However,
it is questioned whether NETs and NETs-associated fac-
tors have the specificity for disease categories, phenomes,
severities, stages, durations, metastasis, and responses
to drugs as criteria for disease-specific biomarkers.8-14
Cancer-associated factors appear during the development
of newNETs-targeted therapies (Figure 1) and is evidenced
by preclinical cancer models and clinical cancer patients.
It is proposed that anti-DAMPs, anti-postoperative inflam-
mation, inflammatory/pyroptosis signals, immunotherapy
with surgery, antiangiogenesis, and targeted therapies for
neutrophils, macrophages, MDSCs, and Tregs could be

a new therapeutic strategy to reduce cellular immunity
impairment after surgery.3 On basis of the biochemical
properties of those therapeutic targets, it is possible to
identify and develop NETs-target therapies for cancer
metastasis, although the specificity and efficacy need to
be furthermore defined.
In conclusion, the overproduction of NETs-associated

regulators and factors and the creation of new metastatic
niches that attract and recruit cancer cells highlights the
importance of NETosis formation and NETs release. The
number of NETs inducers, regulators, and products are
considered as diagnostic biomarkers and therapeutic tar-
gets for clinical translation. NETs-target inhibition will
provide novel alternative therapeutic strategies for cancer
metastasis.
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